for a higher yield of biodiesel 9 11 . A major drawback of employing homogeneous acid-catalysed transesterification is its corrosive properties towards machines and containers 12 as well as higher consumption of alcohol for excellent yield of biodiesel 13, 14 . Transesterification via homogeneous base catalysts, on the other hand, exhibits faster and noncorrosive reaction 15 . NaOH and KOH are common homogeneous base catalysts employed in transesterification for higher catalytic activity and quality of biodiesel 13 . The use of homogeneous base-catalyst, however, suffers from the formation of undesirable side reaction such as saponification which creates problems in product separation and ultimately lowers the biodiesel yield 12, 16 .
Heterogeneous catalyst has become widely reported due to easy separation and higher yield production of biodiesel 14 . Resins, tungstated and sulphated zirconia, metal hydrogen sulphate, heteropolyacid and zeolite are few examples of heterogeneous acid catalysts reported 17 22 . Heterogeneous base catalysts such as magnesium and calcium oxide as well as sodium and potassium phosphate have also been reported for the production of biodiesel 23 .
The catalysts allow easy separation and reusable 12 . In comparison to homogeneous catalyst, calcium oxide, for instance shows excellent catalytic activity and exhibits good tolerance towards 2 wt water and 3 wt FFA in the feedstocks 24 . Despite facile reaction and purification of the heterogeneous catalysts, there is a limitation of the catalysts to diffuse into the reaction mixture due to the formation of solid phase and liquid phases of oil and alcohol in the reaction. This limitation contributes to the lower yield of biodiesel 12, 14 .
The introduction of catalyst support such as alumina, silica and carbon onto the catalysts has been reported to overcome such limitations 14 . Examples of supported catalyst for biodiesel production are ZS/Si, NaOH/Al 2 O 3 and NaOH/SiO 2 14, 25, 26 . The catalyst is distributed in the support to maximize the surface area and easily react with triacylglycerol molecules 27 . Many studies reported on employing commercial silica as a catalyst support. To date, no studies have been reported on utilizing Imperata cylindrica sp. as heterogeneous catalyst support. Imperata cylindrica sp. is a very serious weed that contains 1-8 of silica in the form of phytolith 28 . It can easily grow in tropical countries. It can invade the cultivated fields and very difficult to exterminate. Herein, we report on the production of biodiesel from POMS using silica-based Imperata cylindrica sp. loaded with H 2 SO 4 and NaOH to form catalysts named imperatacid and imperatabase respectively. The formation of biodiesel from POMS was observed based on the effect of several reaction variables such as oil to methanol ratio, catalyst amount, reaction time and temperature.
EXPERIMENTAL 2.1 Material
POMS was obtained from a cooling pond at Bau Palm Oil Mill, Sarawak. Imperata cylindrica sp. was obtained from open field at Kota Samarahan, Sarawak. NaOH pallets, H 2 SO 4 99 , HCl 98 and methanol were purchased from Merck and used as received.
Preparation of Imperatacid and Imperatabase cata-
lysts Imperata cylindrica sp. was air-dried and heated at 1000 to form calcined ash, followed by chemical activation with NaOH. Imperatacid was prepared via sulfonation of the activated ash in conc. H 2 SO 4 for 15 min. The excess acid was decanted and the residual wet solids were transferred into a crucible. The solid was heated at 100 for 12 h 29 . Imperatacid was cooled, rinsed with deionised water to pH 2 and dried in the oven at 110 for 24 h.
Imperatabase was prepared by adding the activated ash of Imperata cylindrica sp. into NaOH 1 M 1:1 equiva-lent and heated at 700 for 10 min 30 . Imperatabase was cooled to room temperature and kept in a desiccator.
Characterization of catalysts
The X-ray diffraction analysis of both prepared catalysts was carried out using Rigaku Miniflex X-ray diffractometer XRD equipped with a scintillation counter to generate diffraction pattern at ambient temperature. The quantitative element composition of the prepared catalysts was characterized using Energy Dispersive X-ray EDX JEOL JSM-6390 LA for elemental chemical analysis. Liquid nitrogen was used as a system cooler. The total pore volume and surface area of the catalysts were obtained using Brunauer-Emmett-Teller method with liquid nitrogen adsorption at 77 K by the instrument Quantachrome ASIQC0000-3. The surface morphology of the catalysts was observed under JEOL 7500F-1 Scanning Electron Microscope SEM with magnification 10,000x.
Esteri cation and transesteri cation of POMS
The production of biodiesel from POMS was carried out via esterification process to produce esterified POMS followed by transesterification process of the prepared esterified POMS to produce desired biodiesel. POMS was heated at 100 to remove the excess water content. During esterification process, imperatacid 2.0 g was added into methanol 60.0 mL in 3-neck round bottom flask. Molecular sieves as 4A were added and the mixture was heated under refluxed for 1 h. The preheated POMS 20.0 mL was added into the flask and continue heating for 24 h. The mixture was cooled to room temperature, filtered and washed with methanol. The filtrate was evaporated to obtain esterified POMS as brown oil 18.0 mL .
Transesterification of the oil was performed in 3-neck round bottom flask by adding esterified POMS 10.0 mL into a mixture of imperatabase 1.0 g in methanol 10.0 mL . Molecular sieves as 4A were added and the mixture was heated under refluxed 65 for 1 h. The mixture was cooled to room temperature, filtered and washed with methanol. The filtrate was evaporated to obtain biodiesel 8.0 mL .
Chemical analyses of the biodiesel
The functional groups analysis of the biodiesel was examined using Fourier Transform Infrared FTIR Thermo Scientific Nicolet iS10 with zinc-selenide Zn-Se disc as the transmitter. GCMS analysis was performed using Shimadzu GC-MS model QP2010 Plus. Chromatographic separation was operated on a nonpolar capillary column, BPX-5 30.0 m 0.25 μm 0.25mm , employing helium as a carrier gas with constant flow rate at 0.94 mL/min and linear velocity at 36.6 cm/sec. MS was operated using electronic impact 70 eV in selected ion monitoring SIM mode. The injector port was operated in splitless mode.
Both injector and interface temperatures were at 250 . The oven temperature was maintained at 10 / min, which initiated at 110 and held for 1 min. The temperature was increased to 220 at 20 /min and held for 8 min.
Demonstration of biodiesel on alternative diesel engine
The biodiesel was demonstrated on the alternative diesel engine Megatech ® -Mark III for combustion capability test. 100 mL of biodiesel was introduced into the engine s combustion chamber. The observation on the flame color and physical odor of the biodiesel were recorded.
RESULTS AND DISCUSSION

Characterization of the catalysts
The calcined ash, activated ash, imperatacid and imperatabase were characterized using XRD analysis Fig.  1a -d . All samples showed similar crystallinity pattern with the decrease in intensity of certain peaks indicating the good dispersion of H 2 SO 4 and NaOH on silica 14 . Sharp peaks at 2θ 25.41 imperatacid and 2θ 34.03 imperatabase were corresponding to cristobalite SiO 2 due to the mineralizing or cement effect of sodium and sulfuric acid 27 . Sodium and sulfuric acid acted as cement by filling the intergranular porosity of the silica and sticking the particles together, which resulting of larger crystallites or crystalline structure of the prepared catalysts 14, 20, 27 .
The presence of SiO 2 in both catalysts Fig. 1c -d was further analysed by EDX analysis. Both catalysts showed the presence of silica Si content and other elements such as C, O, Na and S. The mass percentage of the elemental composition of both catalysts is tabulated in Table 1 .
The mass percentage of Si was decreased in activated ash from 36.35 to 13.57 imperatacid and 5.47 imperatabase . The surface of Si was covered by H 2 SO 4 and NaOH, thus reducing the percentage of visible Si present in both catalysts. Plaussible reason for the decrease in Si content could be due to the leaching of the smaller particles of Si during washing. The decrease in percentage of Si as the catalyst support was also proven by BET surface area analysis. The BET pore volume and surface area of imperatabase were 0.01 cm 3 /g and 22.93 m 2 /g, respectively. Both were found to be lower than the activated ash s 0.02 cm 3 /g and 37.77 m 2 /g, respectively due to the presence of alkali metals that decreased the specific surface area of the support during impregnation 27 . However, the total pore volume and surface area of imperatacid were dramatically increased at 0.02 cm 3 /g and 86.40 m 2 /g, respectively. This was due to the presence of H 2 SO 4 as an activating agent which removed the unwanted impurities on the surface of imperatacid 31 thus caused an enlargement and development of pores and surface area of the imperatacid 32 . SEM micrographs of imperatabase Fig. 2b showed reduction in pore size with rigid coated structure after impregnating with NaOH. On the other hand, the pore size of imperatacid was increased and exhibited many unoccupied pores to provide more active site and improve catalytic activity 33 . SEM micrographs also showed some assembled needle-like structures in b and c which is not found in a . This phenomena could be due to the excessive washing of the samplewhich caused the outer surface of the original sample to be exfoliated, revealing its internal structure.
The particle size of the activated ash, imperatacid and imperatabase were also measured by SEM Fig. 3 . Activated ash gave inconsistence particle size in the range of 74-145 μm. The particle size of imperatacid became smaller 43.1-83.9 μm after underwent sulfonation. H 2 SO 4 was acted as an activating agent to remove the unwanted impurities and increase the surface area 32 . The decrease of the particle size has led to the increase of the surface area. Imperatabase, on the other hand, gave bigger particle size 89-193 μm compared to activated ash after loading with NaOH, which gave rise to bigger particles and low surface area. Both imperatacid and imperatabase has a characteristic diameter of irregular-shaped particle.
3.2 Direct transesterification of POMS using Imperatabase Direct transesterification of POMS was performed using oil/methanol 1:8 and 10 wt imperatabase. FTIR and showed the appearance of two sharp peaks at 1711 cm 1 and 1741 cm 1 attributed to -COOH and -COOR respectively, which indicated an incomplete formation of ester Fig. 4a-b after 24 h. The appearance of sharp ester peak at 1742 cm 1 was observed after 20 wt catalyst was used to afford semi-solid product Fig. 4c . This phenomenon could be due to the possibility of sodium leaching from the catalyst support 27 when the amount of NaOH exceeds 0.5 mole kg 1 34 . The glycerol presence was agglomerated in 
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the reaction mixture resulting problems in biodiesel separation. The nature of POMS with higher free fatty acid FFA content was envisaged for a two-step process which is esterification followed by transesterification process 2, 7 .
Esteri cation of POMS
Effect of oil to methanol ratio
Both esterification and transesterification are reversible reactions which require excess amount of methanol to produce fatty acid methyl ester FAME 15, 35 . The influence of oil to methanol ratio is illustrated in Fig. 5 . Esterification reaction of POMS was performed using various oil/methanol ratio of imperatacid 20, 21 . The FTIR spectra showed two sharp peaks at 1710 cm 1 and 1738 cm 1 attributed to -COOH and -COOR, respectively after heated at reflux for 24 h Fig. 5a -c . Complete formation of ester Fig. 5d occurred upon using oil/methanol in 1:3.
Effect of reaction times
Reaction time has also affected the production cost of biodiesel. The esterification of POMS was optimized hourly with constant oil to methanol ratio 1:3 and imperatacid 10 wt . The mixture of -COOH and -COOR were observed in 1-3 h Fig. 6a-c . Further increased of the reaction time to 4h Fig. 6d afforded esterified oil at 1741 cm 1 with 90 wt .
Transesteri cation of POMS
The transesterification of POMS using imperatabase catalyst was preceded to form biodiesel. Several reaction times ranging from 30 min -2.5 h were employed. The amount of catalyst contributes to the formation of biodiesel. The amount of imperatabase used was 1-5 wt with constant reaction temperature and oil to methanol ratio. The products appeared in viscous oil upon utilisation of 5 wt imperatabase. This phenomenon could be due to the possible occurrence of sodium leaching from the catalyst support of imperatabase 27 . The optimum amount of imperatabase 1 wt for 30 min contributed to the formation of biodiesel and glycerol as by-product. The catalyst was recycled up to three times to afford biodiesel in the range of 78-80 w/w. Incomplete transesterification was obtained after the 4 th cycle of the imperatabase used indicating full consumption of NaOH and also possible of NaOH to leach out from the solid support 27 .
Effect of reaction times
The influence of reaction time for the conversion of bio-diesel was also investigated. Biodiesel was produced via transesterification from 30 min to 2.5 h with gradual formation of glycerol. The conversion of biodiesel increased from 75.2 10 min to 80.0 60 min Fig. 7 . Further increased up to 2.5 h was only afforded constant percentage of biodiesel. The conversion of biodiesel was calculated using Eq. 1:
Conversion,
Weight of biodiesel produced, g Weight of feedstock, g 100
Eq.1
GCMS analysis
The biodiesel from POMS was characterized using GCMS. In comparison to POMS Table 2 , the composition of the biodiesel is shown in Table 3 . Several types of ester were present in the biodiesel. Methyl palmitate 48.97 and methyl oleate 34.14 gave higher percentage of esters in the biodiesel. This phenomenon was supported by high palmitic acid 42.8 and oleic acid content 40.5 in palm oil compared to other types of fatty acids 35 .
Higher heating value HHV is one of the important properties of biodiesel to specify the efficiency of the biodiesel as alternative to diesel fuel 36, 37 . The HHV of several types of oils is shown in Table 4 .
The HHV of POMS B100 39.1651 MJ/kg was slightly higher than the esterified POMS 39.0410 MJ/kg . The increment of HHV of POMS B100 is in accordance with the literature 37 . HHV of POMS B5 was increased to 45.1826 MJ/kg and comparable to HHV of commercial B5 45.5323 MJ/kg . Both POMS B5 and commercial B5 were slightly lower than diesel fuel 45.6724 MJ/kg and acceptable as diesel substitution.
International standard analysis
POMS B5 was analysed for physical and chemical properties in line with MS 123:2011 standard Diesel Fuel Specification Part 1: Euro 2M at SIRIM QAS International Sdn. Bhd., Shah Alam, Malaysia. The test result is shown in Table 5 . POMS B5 has passed all the tests thus proven its Imperata cylindrica sp as novel silica-based heterogeneous catalysts capability to substitute diesel.
Demonstration of biodiesel on diesel engine
The combustion of biodiesel from POMS B100 was demonstrated on alternative diesel engine. Ethanol was used to start of the combustion after which POMS B100 was then introduced into the system. Bright yellow flame with lower smoke level was produced Fig. 8 to indicate lower level of multi-ring or polycyclic contents 38 . A lower exhaust emission of biodiesel reduces the pollution especially particulate matter black smoke . 19 .0 (maximum) 7 Pass *Note: "Pass" indicated that the biodiesel obtained has met the minimum criteria for usage as fuel.
The performance of a diesel engine was evaluated based on torque, ɽ, a twisting force required to rotate the crankshaft bearing with load. The relationship of load and torque in the biodiesel is shown in Fig. 9 . The torque was proportionally increased as the loads increased.
Conclusions
In conclusion, novel silica-based heterogeneous catalysts from Imperata cylindrica sp. were successfully prepared and demonstrated in the production of biodiesel from POMS. Both novel imperatacid and imperatabase were conveniently utilized as heterogeneous catalyst catalysts in esterification and transesterification process in higher percentage yield compare to conventional homogeneous catalyst. The performance of the biodiesel was demonstrated on the alternative diesel engine with less smoke emission. Not only in biodiesel production, Imperatacid and imper-atabase has a good potential to be employed toward the syntheses of various esters from fatty acids and various alcohols. The utilisation of several kinds of wastes as catalyst and feedstock in biodiesel production has offered alternative in waste management issue associated to waste disposal. Future works on the comprehensive study of the recyclability of imperatacid and imperatabase will be futher studied. Fig. 8 Combustion test of biodiesel on alternative diesel engine; a biodiesel entering the chamber b vaporisation of biodiesel inside the chamber c ignition of biodiesel and d depletion of ignition process. Fig. 9 The relationship of load and torque in biodiesel.
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